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1 2 

«™ ,™ A bined mto a fi 1 ^ combination. The provided amplified 

BINAURAL TELECONFERENCING SYSTEM speech from the other of the first and the second paths, 

n.nr^^T^ ^ from the other of the third and the fourth paths, and 

BACKGROUND OF THE INVENTION f rom tne other of the fifth and sixth paths are combined 

1. Field of the Invention 5 into a second combination. The amplified speech of the 
This invention relates to methods of and apparatus one of the first and the second paths from the first com- 

for conducting binaural teleconferences and, in particu- bination are suppressed, and the resulting suppressed 

lar, to a teleconferencing bridge that simulates the audi- combination is directed along a first line to the first 

tory spatial ambience of a face-to-face conference. Ac- conferee. The amplified speech of the other of the first 
cordingly, it is a general object of this invention to 10 and second paths from the second combination are 

provide new and improved apparatus, methods, and suppressed, and the resulting suppressed combination is 

bridges of such character. directed along a second line to the first conferee. The 

2. General Background amplified speech of the one of the third and fourth paths 
Voice teleconferences, in the prior art, were con- from the first combination are suppressed, and that 

ducted using monaural methods. The disadvantages of 15 resulting suppressed combination is directed along a 

monaural teleconferencing are twofold: First, monaural third line to the second conferee. The amplified speech 

teleconferencing does not permit simultaneous talking of the other of the third and the fourth paths from the 

without loss of inteUigibility. This is particularly true second combination are suppressed and the resulting 

when i s^mtaneous ; voices ^are acoustically similar. Sec- suppressed combination is directed along a fourth line 

ond, it was often difficult to identify the speaker during 20 tQ ^ secQnd conferee ^ ^ lified * h of the one 

a voice teleconference on the basis of monaural voice of the mh ^ ^ sixth path / from th F e first combina- 

acoustic parameters alone. tion are suppressed and that resulting suppressed combi- 

J^^^^^T^^ ^ £ de " nationisdirectedalongafifthlinetf the third conferee, 

scnbed herein, solves both of the foregoing problems. Th*» a m«ii««H *u« A *u r *u , ■ 

Binaural hearing is responsible for the "cocktail party 25 ^^^^t^^ / S 

effect". This effect perniits a listener to selectively at- ^S^^n^J^ c ? mbin ? tl0 ° m suppressed 

tend to a single talkerba milieu of several potentially S« JS^i^TT!? co f nm " directed 

interfering conversations. Therefore, simultaneous talk- ^*J?1 ^ 5°?""' * u • . 

ing is not a problem with binaural teleconferencing. tU * J ™? CCrtB ? f ° f the J m If ntl0n ' 
Also, psychological research has shown that speakers 30 ^Jimc duration is ti t 2 and t 3 can be varied. The am- 

are much more readily identified when their spatial pM * d speech dong ^ first ' 1hud * md the flfth 

location is known. Speaker identifiability, in the prior f*™ . can ^ substantia «y undekyed. The telecon- 

art, was significantly reduced with monaural voice tele- ferencing system can include methods of and means for 

conferencing. switching speech between the first and the second 

35 paths, and between the third and the fourth paths, and 

SUMMARY OF THE INVENTION between the fifth and the sixth paths. Any one or more 

Another object of this invention is to provide for a of tu t2 or *3 030 be effectively positive or negative, 

new and improved binaural teleconferencing system in whereby the actual values of tj, t2 and t3 are such that ti 

which the single channel speech path from a teleconfer- ls aot e( l ua ^ to t2 k not e< V^ to ^ T^ 6 teleconferencing 
ence participant is divided into two speech paths, the 40 system can utilize analog to digital systems so that digi- 

speech along one of the paths being delayed with re- ^ speech can be subsequently delayed and it can fur- 

spect to the other path so that when the two paths are tner include digital to analog converting apparatus for 

applied to a headset of another conferee, the teleconfer- transmission to the respective conferees; n can be equal 

ence participant appears to be specifically, spatially to an mteger rangmg from three to a maximum of, pref- 

oriented. 45 erably, eight. 

Still another object of this invention is to provide for m TFF np<?rRTTmnM nu m ™? a u/tmp 

a new and improved binaural conferencing system in BRIEF DESCRIPTION 0F TOE DRAWING 

which a conferee, when attending a teleconference, Other objects, advantages, and features of this inven- 

wearing a stereophonic headset, senses that other con- ti° n » together with its construction and mode of opera- 

ferees are spatially dispersed about a semicircle. 50 tion, will become more apparent from the following 

In accordance with one aspect of this invention, a description, when read in conjunction with the accom- 

teleconferencing system provides binaural discrimina- pany drawing, in which: 

tion for each of n conferees, where n is an integer FIG. 1 is a block diagram of one embodiment of the 

greater than two. The invention includes, separately, invention for users X, Y and N; 

amplifying speech from each of the conferees; then, the 55 FIG. 2, consisting of one sheet labeled FIG. 2 (sheet 

amplified speech of a first conferee is provided along a 1 of 2) and another sheet labeled 2 (sheet 2 of 2.) is a 

first path. The amplified speech of the first conferee, block diagram of an embodiment of the invention for 

delayed a time duration ti, is provided along a second eight users; 

path. The amplified speech of the second conferee is FIG. 3 is a diagram illustrating seven conferees 

provided along a third path. The amplified speech of 60 acoustically oriented about a semicircle, a radius ten 

the second conferee, delayed a time duration ti, is pro- feet from one of the conferees, 

vided along a fourth path. The amplified speech of the _ 

third conferee is provided along a fifth path The ampli- DESCRIPTION OF PREFERRED 

fied speech of the third conferee, delayed a time dura- EMBODIMENT^) 

tion t3, is provided along a sixth path. The provided 65 The teleconferencing apparatus 11, as shown in FIG. 

amplified speech from one of the first and the second 1, is a digital bridge that divides the single channel 

paths, and from one of the third and the fourth paths, speech from a teleconference participant into two 

and from one of the fifth and the sixth paths are com- speech paths. Although the system design depicted and 
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discussed herein employs digital components, the sys- . and the signal on the line 27 are coupled through invert- 
tern can easily be realized with analog components at a ers 44, 46 to the digital to analog converter 38. 
somewhat greater cost and loss in reliability. Signals on a line from each conferee from the digital 

The speech from conferees X, Y and N, as depicted in to analog converters 36, 37, 38, are added together by a 

FIG; 1, are amplified by amplifiers 12, 13, 14 for the 5 summation device 47. The other outputs of the digital to 

conferees X, Y and N, respectively. The output of the analog converters are coupled to a summation device 

amplifiers 12, 13, 14 are coupled, respectively, to analog 48- Thus, in the embodiment depicted, the inputs ap- 

to digital converters 16, 17, 18, which analog to digital P ue . d to the summation device 47 are XD, YD, and ND 

converters receive synchronization pulses from a con- which arc received from the outputs of the digital to 

troller 19. The analog to digital converters 16, 17, 18, 10 analog converters 36, 37, 38, respectively. Similarly, the 

digitize the speech, providing digital signals onto two summation device 48 has signals X, Y, arid N applied 

output lines 21, 22 for a conferee X, onto two output thereto from the digital to analog converters 36, 37, 38, 

lines 23, 24 for conferee Y, and onto two output lines 26, respectively. Thus, the two outputs per conferee are 

27 for conferee N. added to the corresponding channels of the other con- 

The output line 21 is delayed a fixed time period by 15 ferees md prepared for transmission. The outputs of the 
way of a delay buffer 28, which in practice can be buff- summation device 47 are applied to three summation 
ering in a dedicated random access memory. The length devices 49, 51, 52, whereas the output of the summation 
of time a buffered sample resides in the random access device 48 a coupled to inputs of three summation de- 
memory is determined by the master microprocessor or Y** 3 5 ?> *?\ 55 : mvcrted signal from each conferee, 
controller 19. Similarly, speech from the conferee Y, 20 from * analog converters 36, 37, 38, respec- 
provided via the analog to digital converter 17 on the tlvel yj « added back to the conferee's return signal to 
line 23, is coupled to a delay buffer 29. Also, the speech ca ? cel ^ s /f^ hereb y euminatmg 
from the conferee N, that is digjtalized by the analog to ec *° »* ^> ycd fcedb ! c ^ 
digital converter 18 on the line 26, is provided to the „ J^^mS^ JS,™ ^T™ * T 
deUy buffer 31. The delay buffers 29, 31, similar to 25 tion are the provision and die use of two voice channels 

delay buffer 28, can be buffered in the dedicated ran- ^SS^^ * 

torn taccess ^memory and t^U^^ib^^^ Referrmg to FIG. 2, there is depicted a circuit dia- 

mined^by the controller 19. The signal stored in the for ^ conferccs> m teleconferencing appara- 

: delay buffer 28 can i be read out by an appropriate read 3Q te 1U d icted mcludes devic ^ £\ hat 

- enable signal XRDEN. The delay buffer 29 canbe read ±oy/n m Fia t c t ^ ci ht ^ are disclosed for 
out by the- appropriate read enao e signal YRDBN. cm confe rees. Note that the outputs of the summation 
Likewise, the delay buffer 31 can be read out by the devices 112> 122 w dire cted to conferee S. The outputs 
appropriate read enable signal NRDEN. ^ ^ app iied to a pair of loudspeakers, either in a 

The output of the delay buffer 28 and the signal on 33 headset or freestanding (not shown). Similarly, the out- 

the lme 22 are coupled to the arms of an electncally puts 0 f tne summat i 0 n devices 113, 123 are directed to 

controlled double-pole double-throw switch 32. In simi- ^ speaker T who his coup i ed to a respective 

lar fashion, the output of the delay buffer 29 and the ps ^ 0 f headset loudspeakers or the like. Likewise, the 

signal on the line 24 are coupled to the arms of a double- outputs of the summation devices 114, 124 are directed 

pole double-throw switch 33. Similarly, the output of 40 to the speaker U. The outputs of the summation devices 

; the delay buffer 31 and the signal on the line 27 are n$ f x26 are directed to the speaker V. The outputs of 

- coupled to the arms of an electrically controlled double- ^ summ ation devices 117, 127 are directed to the 
vpole double throw-switch 34. The double-pole double- speaker W. The outputs of the summation devices 118, 

throw switches are controlled by appropriate switch 123 m directed to the speaker X. The outputs of the 

enabling signals XSWEN, YSWEN, and NSWEN, 45 summation devices 119, 129 are directed to the speaker 

respectively, which were provided by the master mi- Y , and, likewise, the outputs of the summation devices 

coprocessor or controller 19. The cross-over switches 121, 131 are coupled to the speaker or conferee Z. 

32, 33, 34 are capable of reversing the channel paths The delays dl, d2, d3, d4, dS, d6, d7, d8 should be so 

after the various delays, thereby enabling the bridge 11 adjusted to give to the appropriate conferee the illusion 

to arbitrarily delay either channel. 50 that the remaining conferees are spatially displaced 

As indicated earlier, the switches 32, 33, 34 are re- around the listener. For example, as depicted in FIG. 3, 

versing switches. The wiring connections are so ori- assume a speaker C is attending a teleconference with 

ehted, that input signals applied to the reversing conferees A, B, D, E, F, G. The duration of the time 

switches 32, 33, 34, when the arms are in one orienta- delays are so oriented that one gets the impression that 

tion, directly convey the input signals onto a pair of 55 the conferees are displaced about an arc of a semicircle, 

output lines. When the switches 32, 33, 34 are switched As depicted in FIG. 3, C is depicted looking forward, 

in the other orientation, the input signals appear on the Conferee A is depicted directly to the left 10 feet from 

output lines in a reversed order. the conferee C. Assuming a headwidth of 5 inches, 

The delayed signal and the direct signal are coupled sound from conferee A will reach the right ear of con- 
to digital to analog converters 36, 37, 38. The output of 60 feree C 380 microseconds after receipt of the sound by 
the delay buffer 28 can be inverted through an inverter his left ear. 

39 and and its output is applied to the digital to analog Assuming that conferee B is oriented 30° clockwise 

converter 36. The signal on the line 22 is applied to the from conferee A, 10 feet from conferee C, then sound 

input of an inverter 41 whose output is coupled to the from conferee B travels 9 feet, 9.84 inches to the left ear 

digital to analog converter 36. Similarly, the output of 65 of conferee C, while it travels 10 feet, 2.17 inches to the 

the buffer 29 and the output of the line 24 are applied right ear of conferee C for a difference of 4,33 inches, 

through inverters, 42, 43 to the digital to analog con- Thus, sound to the right ear of conferee C is received 

verter 37. Likewise, the output of the delay buffer 31 329 microseconds after the sound is received by the left 
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ear of conferee C. With regard to 60" clockwise dis- 
placement from conferee A, conferee C does not appear 
to sense anyone in that location, since his own speech 
(as to conferee C) has been suppressed. 

Conferee C receives sound from conferee D simulta- 5 
neously in both ears, giving the impression that con- 
feree D is directly in front of him. 

Conferee £ is made to appear (from an auditory 
viewpoint) 30° to the right of center from conferee Cs 
viewpoint Assuming that conferee £ is displaced 30° to 10 
the right of center, 10 feet away from conferee C, sound 
from conferee £ travels a distance of 10 feet, L27 inches 
to the left ear of conferee C while it traverses a distance 
of 9 feet, 10.77 inches to the right ear of conferee C, 
creating a difference of 2,50 inches. The difference of 15 
time is such that the sound from conferee E is received 
by conferee C in his right ear 190 microseconds sooner 
than the sound in his left ear. 

It is noted that the various delays around the iUusiory 
arc are sinusoidally distinctive. Progressing clockwise, ^ 
the delay from the left would be 380 microseconds; at 
30" clockwise from the left, the delay would 329 micro- 
seconds; 30* further clockwise (60° from conferee A) 
the delay would be 190 microseconds; from straight 
ahead it would be zero delay; 30° further clockwise, the 
delay (in a sense) would be —190 microseconds; 30° 
further the delay would be — 329 microseconds; and 30° 
further, presenting a conferee G directly to the right of 
the conferee C, the delay would be — 380 microseconds, 
A "positive" delay gives the illusion to conferee C that 
the talking conferee is to one side of center; a "nega- 
tive'* delay creates the illusion (to conferee C) that the 
talking conferee is on the other side of center. 

In conclusion, the invention resides in the fact that 35 
various conferees, three or more, can talk into the re- 
spective microphones; each speech is amplified and the 
signals broadly are combined together. Signals for each 
speaker, also, are delayed different amounts and the 
signals are combined together; two loudspeakers in a ^ 
headset are provided for each of the conferees. One of 
the earphones generally is in current real time and the 
other is delayed. The respective delays of the various 
conferees are different. The signals for each conferee is 
cancelled from his respective headset. The result is that 45 
each particular conferee hears in one ear, current real 
time for the remaining conferees and the other ear hears 
delayed speech from the other conferees, each conferee 
being delayed a different amount, the different amount 
being on the neighborhood of at least 100 millionth of a 50 
second. As just immediately described, it would appear 
that the various conferees are at only one side of the 
listener. Preferably, the switches should be so oriented 
that conferees appear both to the left and to the right. 
This is achieved by the various switch enabling circuits 55 
so that generally for half the conferees, the sound for 
the left ear is delayed, and for the other half of the 
conferees sound for the right ear is delayed. 

Digitalizing the circuitry is preferable because of cost 
and also be cause it fits well into digital networking 60 
architecture. 

Various modifications may be performed without 
departing from the spirit and scope of the invention. 
For example, sound directed into one ear and not the 
other for various conferees may be variably attenuated 65 
to reinforce the illusion of a spatial orientation of the 
various conferees. 

What is claimed is: 
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1. Teleconferencing apparatus for providing binaural 
discrimination for each of n conferees, where n is an 
integer greater than two, comprising 

means for amplifying speech from a first of said con- 
ferees, 

means for amplifying speech from a second of said 
conferees, 

means for amplifying speech from a third of said 
conferees, 

means for providing the amplified speech of said first 

conferee along a first path, 
means for providing the amplified speech of said first 

conferee, delayed a time duration 1 1 , along a second 

path, 

means for providing the amplified speech of said 

second conferee along a third path, 
means for providing the amplified speech of said 

second conferee, delayed a time duration t2, along 

a fourth path, 
means for providing the amplified speech of said third 

conferee along a fifth path, 
means for providing the amplified speech of said third 

conferee, delayed a time duration t3, along a sixth 

path, 

means for combining the provided amplified speech 
from one of said first and said second paths, from 
one of said third and said fourth paths, and from 
one of said fifth and said sixth paths, into a first 
combination, 

means for combining the provided amplified speech 
from the other of said first and said second paths, 
from the other of said third and said fourth paths, 
and from the other of said fifth and said sixth paths, 
into a second combination, 

means for suppressing the amplified speech of said 
one of said first and said second paths from said 
first combination, and directing the resulting sup- 
pressed combination along a first line to said first 
conferee, 

means for suppressing the amplified speech of said 
other of said first and said second paths from said 
second combination, and directing the resulting 
suppressed combination along a second line to said 
first conferee, 

means for suppressing the amplified speech of said 
one of said third and said fourth paths from said 
first combination, and directing the resulting sup- 
pressed combination along a third line to said sec- 
ond conferee, 

means for suppressing the amplified speech of said 
other of said third and said fourth paths from said 
second combination, and directing the resulting 
suppressed combination along a fourth line to said 
second conferee, 

means for suppressing the amplified speech of said 
one of said fifth and said sixth paths from said first 
combination, and directing the resulting suppressed 
combination along a fifth line to said third con- 
feree, and 

means for suppressing the amplified speech of said 
other of said fifth and said sixth paths from said 
second combination, and directing the resulting 
suppressed combination along a sixth line to said 
third conferee. 
2. The teleconferencing apparatus as recited in claim 
1 further including means for varying said time dura- 
tions ti, t2, and t3. 
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3. The teleconferencing apparatus as recited in claim 
1 wherein the amplified speech along said first, said 
third, and said fifth paths are substantially undelayed, 

4. The teleconferencing apparatus as recited in claim 

1 further comprising first switching means for switch- 5 
ing speech on said first and said second paths, 
second switching means for switching speech on said 

third and said fourth paths, and 
third switching means for switching speech on said 
fifth and said sixth paths. 10 

5. The teleconferencing apparatus as recited in claim 
4 wherein any one or more of ti, ti, or tj can be effec- 
tively positive or negative, and whereby the. actual 
values of ti, t2 and t3 are such that ti^t2^*3. 

6. The teleconferencing apparatus as recited in claim 15 
1 further comprising analog to digital converting means 

so that digital speech can be subsequently delayed, and 
digital to analog converting means. 

7. The teleconferencing apparatus as recited in claim 
. 1 wherein n is equal to three, 

8. The teleconferencing apparatus as recited in claim 
1 wherein n is equal to seven. 

9. A method of teleconferencing with binaural dis- 
crimination for each of n conferees, where n is an inte- 
ger greater than two, comprising the steps of 

amplifying speech from a first of said conferees, 
amplifying speech from a second of said conferees, 
amplifying speech from a third of said conferees, 
providing the amplified speech of said first conferee 30 

along a first path, 
providing the amplified speech of said first conferee, 

delayed a time duration ti, along a second path, 
providing the amplified speech of said second con- 
feree along a third path, 35 
providing the amplified speech of said second con- 
feree, delayed a time duration t% along a fourth 
path, 

providing the amplified speech of said third conferee 
along a fifth path, 40 

providing the amplified speech of said third conferee, 
delayed a time duration t3, along a sixth path, 

combining the provided amplified speech from one of 
said first and said second paths, from one of said 
third and said fourth paths, and from one of said 45 
fifth and said sixth paths, into a first combination, 

combining the provided amplified speech from the 
other of said first and said second paths, from the 
other of said third and said fourth paths, and from 
the other of said fifth and said sixth paths, into 50 
second combination, 
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suppressing the amplified speech of said one of said 
first and said second paths from said first combina- 
tion, and directing the resulting suppressed combi- 
nation along a first line to said first conferee, 

suppressing the amplified speech of said other of said 
first and said second paths from said second combi- 
nation, and directing the resulting suppressed com- 
bination along a second line to said first conferee, 

suppressing the amplified speech of said one of said 
third and said fourth paths from said first combina- 
tion, and directing the resulting suppressed combi- 
nation along a third line to said second conferee, 

suppressing the amplified speech of said other of said 
third and said fourth paths from said second combi- 
nation, and directing the resulting suppressed com- 
bination along a fourth line to said second conferee, 

suppressing the amplified speech of said one of said 
fifth and said sixth paths from said first combina- 
tion, and directing the resulting suppressed combi- 
nation along a fifth line to said third conferee, and 

suppressing the amplified speech of said other of said 
fifth and said sixth paths from said second combina- 
tion, and directing the resulting suppressed combi- 
nation along a sixth line to said third conferee. 

10. The method as recited in claim 9 further including 
the steps of varying said time durations ti, t2 and tj. 

11. The method as recited in claim ? wherein the 
amplified speech along said first, said third, and said 
fifth paths are substantially undelayed. 

12. The method as recited in claim 9 further including 
the steps of 

switching speech on said first and said second paths, 
switching speech on said third and said fourth paths, 
and 

switching speech on said fifth and said sixth paths. 

13. The method as recited in claim 12 wherein any 
one or more of ti, t2i or t3 can be effectively positive or 
negative, and whereby the actual values of t'i, t2, and 13 
are such that 1 1^29^3. 

14. The method as recited in claim 9 further including 
the steps of converting analog speech into digital data, 

transmitting said digital data along a first course, 
delaying different portions of said digital data differ- 
ent time delays along a second course, and 
converting the digital data along both said courses 
into analog signals. 

15. The method as recited in claim 9 wherein n is 
equal to three. 

16. The method as recited in claim 9 where n is equal 
to seven. 
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